Abstract
Haemophilia A is an X linked bleeding disorder caused by a heterogeneous spectrum of mutations in the factor VIII gene. It has recently been reported that about 50% of severe haemophilia A cases are the result of an inversion in the factor VIII gene. The inversion results from homologous recombination between the A gene located in intron 22 of the FVIII gene and one of the two distal A genes, thus disrupting the coding sequence of the factor VIII gene. The inversion can be detected by conventional Southern blotting and hybridisation techniques. Here we present an analysis of 177 unrelated Dutch haemophilia A cases for the presence of an inversion. In 57% of the patients with severe disease an inversion was found and also in at least one of the 26 patients with moderately severe disease. The majority of inversions (85%) involved the most distal A gene, while in a minority (15%) the more proximal A gene was involved. We show that direct mutation detection greatly improves the assessment of carrier status and prenatal diagnosis for haemophilia A, especially in families with an isolated patient. The inversion is predominantly of grandpaternal origin.
(JMed Genet 1995;32:296-300) Haemophilia A, a common X linked recessive disorder (incidence approximately 1 in 10 000 males), is caused by a deficiency of or an abnormality in coagulation factor VIII. It is a clinically very heterogeneous disorder; patients with <1%, 1-5%, and 5-20% factor VIII coagulant activity usually have severe by haplotype analysis. inversion. 
Discussion
Analysis of our patient material confirmed the presence of an inversion as the cause of haemophilia A in about 50% of the severely affected patients. The observation of the inversion in two patients with moderately severe haemophilia deserves some comment. Considering the profound disruption of the gene by the inversion, it is difficult to imagine that transcription and translation could result in any functional factor VIII. Consequently we are inclined to think that the classification as moderately severe disease in these patients is the result of the difficulty of reliably measuring factor VIII concentration below 2 or 3% of normal. In fact, of the two patients, one has coagulation data on the borderline of severe and moderate, but could clinically be described as having severe haemophilia (personal communication). The second patient, however, is clinically classified as more moderately affected. This implies that it is worthwhile to screen every patient for the presence of an inversion, regardless of the severity of the disease. The possibility of direct detection of the disease causing mutation greatly improves carrier status assessment in almost all the families with an isolated haemophilia A patient. In addition, in a few carriers who were uninformative by haplotype analysis, the detection of an inversion now allows prenatal diagnosis. For carriers with an inversion who are also informative for the PCR based polymorphic intragenic markers, two diagnostic strategies for prenatal diagnosis can be followed. Either the chorionic villi DNA can be analysed by Southern blotting for the presence of an inversion, which is very reliable (-100%) but will take about two weeks, or the chorionic villi DNA can be analysed by PCR which takes only a few days and is also highly reliable (>99%). Which of the two strategies will be chosen can be decided for each individual case.
In all but one case the mutation is of (grand)paternal origin, which confirms the findings of Rossiter et al,8 who reported that the inversions originate almost exclusively in male germ cells. This suggests that the presence of only one X chromosome during meiosis enhances the chance of intrachromosomal recombination between the A gene in the FVIII gene and one of the telomeric A genes, causing inversion of the intervening DNA. If the origin of FVIII inversions is mainly restricted to male meiotic events, this implies that most or all mothers of isolated patients with an inversion will be a carrier, which is confirmed by our data. Furthermore, since the meiotic event will not lead to germinal mosaicism, the recurrence risk for grandfathers who once transmitted a de novo inversion will be very low or even back to the population level. To confirm confinement of inversion events to meiosis, more data are needed, especially to prove that germinal mosaicism does not occur in de novo inversion cases. This is in contrast to deletions and possibly point mutation events for which germinal mosaicism has been described.920 Until now no germinal mosaicism has been detected in the three de novo inversion cases for which sufficient haplotype data from family members were available. An international collection of extensively haplotyped de novo inversion cases will be needed to prove or reject the hypothesis that this type of mutation event is meiotic. The majority of the inversions in the Dutch severe haemophilia A patients showed a recombination with the most distal A gene (85%), while a minority had recombined with the more proximal A gene (15%), which is in agreement with Lakich et aL9
In our group of inversion patients, we could not confirm the observation by Goodeve et al2'
that the presence of an inversion is correlated with the absence of inhibitor development. The fact that seven out of 30 (23%) of our inversion patients developed inhibitors is more in agreement with the assumption that the absence of the factor VIII protein predisposes to inhibitor development, as postulated by several authors.2223
In conclusion, the inversion detection not only provides a powerful diagnostic tool, but it also makes carrier detection and prenatal diagnosis feasible in families with severe haemophilia A that are uninformative for haplotype analysis. 
